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NUMERICAL SOLUTION OF THE PROBLEM OF SUPERSONIC FLOW AT AN ANGLE
OF ATTACK PAST CONICAL BODIES

N. A, Makhin and V. F. Syagayev

Analysis introducing an improvement to a method pro-
posed by Syagayev for calculating the flow past an arbi-
trary smooth cone--e.g., an elliptical cone. The use of
the original method is associated with difficulties due to
unknown position of the critical point on a cone and the
necessity of formulating additional singularities. Another
drawback is the assumption (in no way obvious) that on a
solid body the entropy function has its maximum value. It
is shown that the potentialities of the method can be sub-
.stantially increased by substituting €, ¢ coordinates for
the spherical coordinates 6, ¢, and to consider not the
entropy function but rather density and pressure as the
quantities to be determined.

If the method proposed in reference 1 is used to compute the flow past {140*
an arbitrary smooth conical body, for example an elliptical cone at an angle of
attack, severe difficulties arise due to the formation of additional singular-
ities and due to the unknown position of the critical point on the body.

In addition to this the proposition used in reference 1 which states that
the entropy function on a solid body assumes a maximum value, is not obvious in
the general case.

The potentialities of the method are substantially expanded if, in place
of spherical coordinates 6, ¢,we introduce new coordinates €, ¢ and if in place
of the entropy functions we consider density and pressure as the unknown
quantities.,

1. The system of equations which describes conic flows of homogeneous
nonconducting gas in terms of the variables ¢, £ may be represented in the fol-
lowing form:

du e ou 1 ow i ov
oF T fK’sinol_w—a-,T—-(v’-qxw?)sinGJ T T T Kasind (BKa‘}Kle“gg‘)
e e KuKysin :
 ~8§ ™ "Ki(sin 04 K1 Kv) [(a’—v’)sm0+K1vw **K'K']%
ap .7 P ‘
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\

Ke= @ 9 sino 4 owky 5= 0, —6° \

Here u, v, W, are dimensionless velocities along the axes of the spherical
coordinates referred to V; P is the density referred to P,; p is the pressure

referred to %pmMg; My is the Mach number of the unperturbed flow; 6°=6°(%) is
the equation of the assigned bcdy, 8s+=04{®) is the equation of the assigned

shock wave; the superscript * means that the quantities pertain to the body
while the subscript # indicates that they pertain to the shock wave. The
apostrophe ' indicates that differentiation is carried out with respect to

the argument.

The system of equations (1.1) is integrated numerically from the assigned /141

shock wave 9*=9*(w) (E=1) to the assigned body 6°=9°(¢) (E=0) under the follow-

ing boundary conditions on the shock wave (a0 is the angle of attack)

Ug = Uy we =w-+ (v — v,) tg Pu \
x—1 14 2x—1)2 M 2—ul— (w4 tgh.)?cos’B, +

Ve =g @1 v— wigP, N
» : . 4 (v +-v tglB,) tg B, cos? B,

. : x4 Ay 2 e
Pt=%—1[i+ (”"‘1) Mooa(v_'”tgﬁ*)z COSQB*] (1 2)
2 ®x—1 '
[Po =57 (0 —wig B 008 By — 37 T
. _ 1 80y , = (cosaclg0, + sina cosg) sin 0,
8B =5me, dp ’v= (sina ctg 0, cosg — cosa)sin 0, /

= — sina sing |

If the quantities G(m) are selected with the reguired degree of accuracy
the boundary condition on the assigned body will be (£=0)

vy = v ¢08 B — w sin f° = 0 (1.3)

The derivatives with respect to the angle ¢ which are contained in equa-
tion (1.1) were determined numerically in the course of the calculations by
using the Sterling formula (ref. 2).

2. As an example, figures 1-4 show the computation results for flow around
an elliptic cone with parameters A=1.66; Kg=1.39 at M _=6.
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The system of equations (1.1) in this case was integrated in the first ap-
proximation using the Euler method with an integration step of AE=1/6k4 and Ag=
1/8. The computations were carried out for angles of attack @=0.5°, 10°.

The results of computing the pressure coefficients p° on the cone for q=0
and @=10° are compared in figure 1 with experimental data for a cone which is
close to an oval cone (ref. 3).

The cross sections of the plane normal to the axis of the cone represented
in figure 2 illustrate the shape and position of the attached conical shock
wave and also the position of the critical points on the body for the investi-
gated angles of attack



Figure 3 shows the graph for the variation of the entropy function for the
case when the angle of attack is a=5°

1 wM_2p

S=-——7 In
%(x—1) P

L3
The curves 1-6 correspond to the parameter =1, 0.5, 0.25, 0.125, 0.0325, O.

We can see that as the body is approached (E=0) the values of the entropy
function are smoothed out; however they do not become constant on the body ap-
parently due to the errors in the computations which occur close to the body
(<0.03125) in the neighborhood of the singularity (¢=22.5° and @=45°). For
this same angle of attack g=5°, figure 4 shows the variation in the velocity 142
component which is normal to the meridional plane ¢p=const. The curves 1-4 cor-
respond to the parameter £=0.1, 0.5, 0.25. The error noted above when ¢=22.5°
and @=45° when £=0 also exists in the relationship w=w(gp).

3. The calculations carried out by means of the above scheme also turned
out to be rather complex because unlike the one discussed in reference 1, this
scheme makes it possible to pass through the singularity when computing the in-
termediate inverse problems. This could create certain difficulties in select-
ing the aperture angles of the shock in the planes ¢=const, which adjoin the
plane of the singular ray. It should be pointed out that from the practical
standpoint these difficulties were not too great because the aperture angles of
the shock wave could be selected in the specified planes without any additional
efforts compared with the method of selecting the shock aperture anglesin other
planes g@=const, when the requirements for the accuracy in the fulfillment of
the boundary conditions on the assigned body were moderate.

However, as a whole, calculgtions of this type showed that when the flow
is around cones which are different from circular cones, for example, ellipti-
cal cones, in this system of computations there are also additional difficul-
ties which are manifested by the fact that the accuracy which is achieved for
the boundary conditions on the body substantially decreases. Thus the compu-
tations of flows around circular and elliptical cones using the same computa-
tion method and using the simplest method of integrating the system of
equations (1.1) made it possible to satisfy the boundary conditions on the
circular cone with an accuracy up to Avn =0.001 and on the elliptical cone

only with an accuracy up to lAanw0.0l. Obviously this is explained by the
effect of the additional singularity and also by the more complex boundary
conditions on the elliptical cone (in the case of a circular cone, condition

rd \ s - - v _a =1 . . .
(1.3) has the form: vn=v°=0), which makes it wmore difficult tc select the

aperture angles of the shock wave.
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